For the construction of a biosensor sensitive to some steroidal glycoalkaloids a conductometric planar electrode as a transducer and the horse serum butyryl cholinesterase (BuChE) as a biorecognition element have been used. It lias been shown that a-solanine, a-chaconine and solanidine can be detected within the range of their concentrations from 0.2 to 100 /гМ depending on the type of steroidal alkaloid used. The detection limits were estimated to be 0.2 for chaconine and 0.5 juM for solanine I solanidine. The responses of the sensors developed were reproducible: the relative standard deviation was about 1.5 % and 5 % for intra-and inter-sensor responses, respectively. Moreover, one sensor with the immobilized enzyme can be used repeatedly (for at least J00 measurements) after a simple washing by buffer and can be stored at room temperature without substantial loss in activity of the immobilized enzyme not less than 1 month. It has been shown that all the analytes investigated inhibit reversibly and competitively the horse BuChE immobilized on the transducer surface. In assays, which combined a-solanine and a-chaconine, inhibition of BuChE was not additive. A possibility to apply the biosensor developed for the quantitative detection of the total steroidal alkaloids pool in foodstuffs and some biological samples is discussed. 
Introduction. The cultivated potato (Solanum tubero sum L.), as one of the world's major agricultural crops, is consumed daily by millions of people from diverse cultural backgrounds. Potatoes are grown in -80 % of all countries, and world-wide production stands in access of 350 million tones per annum, a figure exceeded only by wheat, maize and rice [1 ] . Despite its status as a food of global importance, the potato tuber contains toxic glycoalkaloids (GA) that cause sporadic outbreaks of poisoning in humans and a lot of livestock deaths [2 ] . Potatoes and individual alkaloids have been shown to be teratogenic; embryotoxic, and toxic [3, 4] . It has been also found that GA specifically induces membrane disruptive effects on cholesterol containing membranes and are more potent in permeabilizing the outer membrane of mitochondria compared to digitonin. In vitro studies have revealed that solanine and chaconine inhibit substantially cholinesterase's activity as well [5] . Solanine non-competitively inhibit calcium transport in vivo in rat duodenum.
Either chaconine or solanine reduces the sodium ion active transport in frog skin [6, 7] . Their high concentration may cause acute poisoning, including gastrointestinal and neurological disturbances, in man, with death being caused by the central nervous system depression. Other studies also suggest that there is an increased risk for cancers of the brain, breast, endometrium, lung, and thyroid associated with the consumption of large quantities of potatoes [8 ] . An available information suggests that the sus ceptibility of humans to GA poisoning is both high and very variable: oral doses in the range of 1 -5 mg/кг body weight are marginally to severely toxic to humans whereas 3-6 mg/кг body weights can be NAZAJRENKO E. A. ET AL. lethal [9] . Neither chaconine nor solanine levels are affected by food processing and preparation. On the contrary, baking and frying, resulting in low mois ture-containing products, considerably concentrate GA in products such as potato chips and fried peel, and the risk of possible toxicity increases greatly [10] . The widely accepted safety limit for GA in tubers remains 200 mg/кг fresh weight.
However, owing the large and often unpredictable variations in the GA levels, which can arise from differences in variety, locality, cultural practices and stress factors (light, disease, mechanical injury, con ditions of storage and pre-treatment, insect damage and chemicals), and the fact that so many aspects of biochemistry and toxicity of these compounds remain poorly understood, the World Health Organization has proposed that the limit should be reduced to 20-100 mg/kg. We agree completely with Parnell et al. [11] [19] . It must be pointed out that each method has its relative disadvantages. GA in potatoes are usually determined by liquid chromatography method including time-consuming sample preparation by solid phase extraction and non-specific UV de tection at 202 nm. Moreover, the relative standard deviations (RSD), obtained for the alkaloids detection by this method, are ranging from 8 to 13 % [16] . In addition, GA do not contain strong chromophores, and a derivatisation step is generally needed to determine them.
ELISA [20] is extensively used to analyze the total GA fraction. Extraction of the alkaloids prior to assay is simple solubilisation, making the whole procedure much quicker than alternative methods. It is carried out in the wells of plastic microtitration plates. The immunoassay procedure is often extre mely specific, technically simple and does not require the services of an experienced analyst. However, the main problem of immunoassay is the high price of the biologically active material, i. e. monoclonal anti bodies and enzyme-labeled antibodies. Biosensors The evaluation of the enzyme inhibition by GA was carried out at an excess concentration of butyrylcholine chloride and included the following steps:
The biosensor was soaked in 5 mM K,Na-phosphate buffer, pH 7.5, until reaching a stable baseline output signal; Butyrylcholine chloride was added to the measu rement cell. The kinetic or steady-state output signal of the biosensor was taken as an index of the maximal catalytic activity of the immobilized enzyme, and such a value of the biosensor response was used for further evaluation of the inhibition effect of a definite GA concentration;
After twice washing, the sensor output was regis tered in the buffered solution containing target ste roidal alkaloid (s) and butyrylcholine chloride as desc ribed in the previous step. The level of inhibition due to the action of a definite concentration of GA was evaluated by comparison of the biosensor response levels without and with inhibitor.
Results and Discussion. Solanine and chaconine account for 95 % of GA present in «S. tuberosum and consist of a nonpolar lipophilic steroid nucleus that is extended by two fused nitrogen-containing hete rocyclic rings at one end and bound to a polar water-soluble trisaccharide at the other. Recently [25] , it has been established, that the GA action on the human plasma and serum BuChE is reversible inhibition of their activity. It is well known that BuChE hydrolyses butyrylcholine chloride according to the reaction: Thus, the charged products of this reaction can be detected by means of biosensors based on conduc tometric thin-film electrodes. GA can be detected using inhibitory methodology developed earlier for the detection of pesticides and heavy metal ions [26, 27 ] . The decrease in the electrochemical sensor output signal caused by the enzyme inhibition depends on the steroidal alkaloid concentration in the analysed sample.
The dependence of the enzyme inhibition on the GA concentration (Fig. 2) was investigated using conductometric transducers. As can be seen in Fig. 2,  a- It has been shown that chaconine (Fig. 2) is a more potent inhibitor of immobilized butyryl cholinesterase than the other relative compound, so lanine. Since both of them share the same aglycone, namely solanidine, it can be suggested that more strong effect of chaconine on the enzyme activity is associated with the differences in their carbohydrate component and in steric compatibility of the whole alkaloid molecule with the enzyme active site. In the assays, which combined of a-solanine and a-chaconine, inhibition of BuChE was not additive (Fig. 2) and these results are in good agreement with those obtained by Nigg et al. [25] for inhibition of the human plasma and serum BuChE. The results ob tained (Fig. 2, curves J and 2 [22] . So the influence of this parameter on the response of the biosensor should be an extremely important taking into account that the conductometric sensor is planned to be used in such complicated media as potato juices, serum and tissues. It has been shown (Fig. 4) that the level of inhibition of BuChE immobilized on the surface of conduc tometric transducers virtually does not depend on the buffer concentration, thus the variation in buffer concentration is not an important parameter for the GA determination and thus allow the application of the biosensor proposed in such complicated media like potato juices [22 ] and biological samples.
The response of the GA sensitive planar elec- trode-based biosensors is reproducible (Fig. 5) . The relative standard deviation of intra-sensor responses being 1.5 % (n = 10, at the GA concentration 6 JUU) while the relative standard deviation of inter-sensor responses was 5 %. Moreover, the same sensor with immobilized enzyme can be used repeatedly (for at least 100 measurements) after a simple washing by phosphate buffer, and can be stored at room tem perature not less than one month without substantial loss in the activity of BuChE. When stored in 10 mM phosphate buffer (pH 7.5) at 4 °С, the sensor responses remain stable for more than three months. Conclusions. A methodology for the detection of steroidal GA based on the conductometric sensor coupled to BuChE has been developed. In contrast to all the methods routinely used, the biosensor method is rather cheap, fast and reliable. Contrary to the developed BuChE-based electrochemical sensors for organophosphorous pesticides [27] and heavy metal ions determination [28 ], the biosensor proposed does not need scavenging agents for the enzyme activity restoration and is quite stable during the storage and operation.
Moreover, since the specificity of BuChE to other inhibitors, especially heavy metal ions and pesticides is low, an attention should be paid further to the adjustment of the proposed sensor specificity.
